The importance of validating automated blood pressure measuring instruments, preferably by investigators independent of the manufacturers, has been recently stressed.' In this paper we present further data on the Copal UA-231, a light, compact automatic sphygmomanometer which compared favourably with the Hawksley random zero sphygmomanometer in a small method agreement study published in this Journal.2 Korotkoff sound detection is by a microphone which is incorporated into the cuff. Systolic measurement is determined at Korotkoff phase I (the initial detection of returning blood flow) and the diastolic measurement at Korotkoffphase 5 (the completed restoration ofblood flow). Because the effects of Korotkoff sound interpretation by the investigator are eliminated it has been suggested that the use of the instrument may reduce possible sources of observer error and observer bias in the measurement of blood pressure, and the instrument has since been used in a number of epidemiological studies. 3`5 In this report we present data from the Heartbeat Wales clinical survey, which allowed a detailed evaluation of the performance of the automatic sphygmomanometer under field conditions.
Methods
The clinical survey population was selected from a sub-sample of subjects responding to from table 1, there were no significant differences between the two groups in a number of variables examined. Table 2 shows systolic and diastolic blood pressure by order and by instrument. There was an order effect for systolic pressure of + 2 3 mm Hg (95% confidence limits: + 1 6, + 3-0 mm Hg), but the order effect for diastolic pressure was not statistically significant. Since the design was approximately balanced and the order effects were small, they have been ignored for the purpose of these analyses. There was no evidence of an interaction between order and instrument. The mean difference between the Copal and Hawksley for all participants was + 2 3 mm Hg (95% CL: + 2 0, + 2 7 mm Hg) for systolic blood pressure, and + 1 9 mm Hg (95% CL: + 1 6, +2-2 mm Hg) for diastolic blood pressure. The degree of agreement between readings of blood pressure on different instruments is indexed by the standard deviation of the differences between the readings.7 Since in this study the order of the readings is roughly balanced, this measure reflects both the true difference between two blood pressure readings taken three minutes apart and a component due to measurement. The standard deviations of the differences were 7-11 for systolic blood pressure and 5-96 for diastolic blood pressure. We compared this to the standard deviation of the difference between two readings both taken using a random zero machine. These data were collected on 237 subjects who had two random zero blood pressure recordings taken by one observer (SR) during the Cardiff arm of Intersalt.8 To balance the order effect in 119 of the readings the difference was computed as the first reading minus the second reading, whilst for 118 of the readings the difference was computed as the second reading minus the first reading. The standard deviations of these differences were 6-64 for systolic blood pressure and 6-22 for diastolic blood pressure, closely similar to the standard deviations of the Copal-random zero differences.
Field evaluation of the Copal UA-231 automatic sphygmomanometer
The distribution of random zero-Copal differences by age, sex (females =0, males = 1), body mass index (BMI), blood pressure (mean of two readings), pulse (mean of two readings) and arm circumference was then examined in a series of univariate analyses. Systolic differences were significantly associated with sex (p < 0-001), BMI (p < 0 001), mean systolic pressure (p<0-001), pulse (p<0001) and arm circumference (p < 0-001) in univariate analyses. Diastolic differences were associated with age (p<O 00l), BMI (p<000l), mean diastolic pressure (p<0001) and arm circumference (p < 0 001)( Table 4 Partial regression coefficients (SEs) of variables associated with systolic and diastolic differences in stepwise multiple regression models, with constants. 
Discussion
This field evaluation of the Copal complements previous studies,2 9 by providing information on its utility as a survey instrument. Comparison with the current standard survey machine, the Hawksley random zero sphygmomanometer, reveals small systematic differences of 2-3 mm Hg in systolic blood pressure and 1-9 mm Hg in diastolic blood pressure, the Copal reading being higher than the random zero reading. These differences are certainly no greater than those expected between two observers, and might not be the same ifa different observer had used the two machines. However it is noteworthy that three studies have revealed that when the same observers use the random zero and a standard mercury sphygmomanometer, the random zero reads lower by similar amounts to those shown here. '0-12 This evaluation is based on data recorded during a survey, and readings were not taken blindly. There is a possibility that the observer may unconsciously attempt to obtain a second reading similar to the first. This could not apply when the automatic machine takes the second reading. The use of a random zero machine makes if difficult, but not impossible, to bias second readings. The finding that agreement between the machines was no worse when the automatic instrument was used second suggests that no such biasing of readings occurred.
The sets of systolic and diastolic blood pressure readings taken by the Copal instrument demonstrate a greater variance than the corresponding sets taken with the random zero instrument (table 2) . This is at least partly due to the dependence of the Copalrandom zero difference upon mean blood pressure level. The regression model outlined in table 4 suggests that Copal gives lower readings than the random zero in the lowest part of the blood pressure distribution, with the Copal readings becoming increasingly high as mean blood pressure increases. A 10 mm Hg increase in mean systolic blood pressure goes with a 1 22 mm Hg increase in the systolic Copal-random zero difference. A 10 mm Hg increase in mean diastolic pressure goes with a 1-15 mm Hg increase in the diastolic difference. This observation may be important for the interpretation of epidemiological associations where the Copal is used to make blood pressure measurements. Copal-random zero differences also show statistically significant associations with age, pulse, sex and arm circumference, but these are too small to be of importance.
The Copal UA-231 is a useful instrument for epidemiological survey work. It is light, compact and simple to use. It removes some of the observer variation in the measurement ofblood pressure, ie that due to variation in recognition of Korotkoff sounds, rate of deflation and reading of the mercury column; it eliminates some sources of observer bias; and it is a useful way of quantifying observer drift if both automated and manual readings are taken. It compared well with the Hawksley random zero sphygmomanometer in this study, but it should be recognised that the small systematic increase in Copalrandom zero differences with increasing blood pressure level may be sufficient to complicate the interpretation ofsome epidemiological associations. It is recommended for use in epidemiological field surveys with this reservation.
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